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Fractions enriched in Golgi membranes were pre- 
pared from rat liver by sucrose gradient ultracentrif- 
ugation. These enriched membranes were further 
subfractionated on the basis of their solubilities in 
EGTA, 150 mM sodium carbonate, pH 11.5, sodium 
deoxycholate, Triton X-100, or sodium dodecyl sulfate. 
This led to isolation of peripheral, luminal, and inte- 
gral membrane proteins of the Golgi-enriched mem- 
branes. Luminal  and  membrane proteins were further 
purified by wheat germ agglutinin and concanavalin 
A lectin  affinity chromatographies. Some proteins 
from these lectin columns were  resolved  by prepara- 
tive gel electrophoresis and microsequenced. Subse- 
quently, antibodies were produced for two  proteins by 
immunization of either mice or rabbits. Immunofluo- 
rescence microscopy suggests that these  proteins  are 
confined to Golgi apparatus-like structures. The pro- 
tocol described is well suited for the study of  organelle 
structure and function. 
The recognition that  the Golgi complex plays  an  essential 
role  in  cellular sorting  and  trafficking  pathways (for reviews 
see Refs. 1-4) has led to  intensive  and  extensive  studies  on 
its  structure  and  constituents. Although methods  for  isolation 
of Golgi vesicles have  been described often  in  the  literature 
(5-10), only a few proteins from these  membranes  have been 
isolated and identified. The positive identification of proteins 
as being  derived  from Golgi membranes  has been complicated 
by the presence of various contaminants of the organelle 
purification procedure such 1 s  plasma  membrane, micro- 
somes,  mitochondria, and lysosomes, as well as  the difficulty 
in obtaining pure and homogeneous samples in sufficient 
quantities.  This  has slowed progress in  unraveling  the bio- 
chemical  structure of the Golgi apparatus.  The  current  library 
of Golgi complex proteins includes  some of the oligosaccharide 
processing  enzymes (11-14), proteins implicated in vesicular 
transport (15-17), and several integral  and  membrane-asso- 
ciated  proteins (18-23,42). No resident  luminal  proteins  have 
so far been  identified. 
In  an  attempt  to identify Golgi complex proteins  system- 
atically, we have developed a  protocol using  differential ex- 
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traction and purification steps which have yielded purified 
samples of proteins  from Golgi-enriched  membranes.  Based 
on  their solubilities in  either EGTA,’ carbonate,  or  detergents, 
proteins were subfractionated  from a Golgi-enriched fraction 
which had been obtained from  sucrose gradient  ultracentrif- 
ugation.  The solubilized proteins were then  further  fraction- 
ated on the basis of their binding affinity for wheat germ 
agglutinin  (WGA)  and  concanavalin A  (ConA)  lectins, which 
differentiates  the Golgi apparatus  into trans and cis, respec- 
tively, based on their oligosaccharides (24). Preparative gel 
electrophoresis followed by gel elution yielded homogeneous 
protein samples.  Antibodies to several of these  proteins were 
obtained by immunization of either mice or rabbits.  Immu- 
nofluorescence microscopy was then used to screen for pro- 
teins which had Golgi-like staining  patterns. Using this 
method we have identified two proteins which are localized 
to Golgi and/or post-Golgi-like structures. This approach 
promises a means by which the  structure  and  functions of the 
Golgi complex may be further  studied in greater detail. 
EXPERIMENTAL  PROCEDURES 
Materials-The NRK52E cell line was obtained from American 
Type  Culture Collection (ATCC).  The  human epidermoid carcinoma 
cell line, A431, was  a  gift from Dr. Catherine J. Pallen (of the  same 
Institute). WGA and ConA lectins  bound  to agarose were obtained 
from Sigma. Protein molecular mass  markers were products of 
GIBCO/BRL.  PVDF  (Immobilon)  membranes were purchased from 
Millipore. Hybond C+ and  ’“I-protein A were purchased from  Amer- 
sham Corp. The BCA protein  assay  kit was purchased from Pierce 
Chemical Co. Ultrafiltration units were purchased from Amicon. 
FITC-goat-anti-mouse IgG, rhodamine-goat-anti-rabbit IgG, FITC- 
goat-anti-rabbit IgG, rhodamine-WGA,  and  unconjugated WGA were 
obtained from Calbiochem or dackson Immunoresearch. /3-Galacto- 
side a2,6-sialyitransferase and UDP-ga1actose:D-glucose 4-6-~-gaI-  
actosyltransferase were purchased from  Boehringer Mannheim  (Ger- 
many). Unless otherwise stated all chemicals were obtained from 
commercial  sources. Harlan Sprague-Dawley rats, BALB/c mice, and 
New Zealand White  rabbits were obtained from the Animal  Holding 
Unit,  Institute of Molecular and Cell Biology, National  University of 
Singapore. 
Preparation of Golgi-enriched Membranes-This was performed 
according to well established procedures (5, 7, 9, lo),  with several 
modifications.  Livers were obtained  from  exsanguinated  Harlan  Spra- 
gue-Dawley rats which had been fasted overnight. Tissue was rinsed 
once in ice-cold PBS, once in homogenization  buffer (0.25 M sucrose, 
The  abbreviations used are:  EGTA,  [ethylenebis(oxyethyl- 
enenitri1o)ltetraacetic acid; NRK,  normal  rat kidney; ER,  endo- 
plasmic reticulum; PMSF, phenylmethylsulfonyl fluoride; SDS, SO- 
dium dodecyl sulfate;  PAGE, polyacrylamide gel electrophoresis; 
PBS, phosphate-buffered saline; TBS, Tris-buffered saline; FITC,, 
fluorescein isothiocyanate;  BiP, immunoglobulin heavy chain binding 
protein; Hepes, 4-(2-hydroxyethyl)-l-piperazineethanesulfonic acid; 
WGA, wheat germ agglutinin; ConA, concanavalin A; PVDF, poly- 
vinylidine  difluoride; CAPS, 3-(cyclohexylamino)propanesulfonic 
acid. 
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25 mM Hepes pH 7.3, 5 mM MgCl,, 1 mM PMSF),  and weighed. All 
l’ractionation steps were carried out a t  4 “C. Homogenization was 
carried  out  in 3  volumes (g/ml) of the homogenization  buffer  using  a 
Teflon pestle and homogenizer a t  3000 rpm (6-10 strokes). The 
homogenate was centrifuged a t  10,000 x g for 10  min,  and  the  pellet 
which comprises mainly unbroken cells, nuclei, mitochondria, and 
microsomes  was reextracted  with homogenization  buffer and  centri- 
fuged as before. Supernatants  from  both  first  and second spins  (the 
10K supernatant) were pooled and  centrifuged a t  100,000 X g in a 
Heckman Ty45Ti rotor for 1 h. The  supernatant which consists of 
cytosol and ribosomes  was decanted,  and  the  total  membrane  pellet 
resuspended in a minimal volume of the homogenization  buffer  using 
a Dounce  homogenizer and “B” pestle.  A  sufficient  volume of 2.0 M 
sucrose,  5 mM MgCl,, 1 mM PMSF, buffered  with 25 mM Hepes  pH 
’ 7 . 3 ,  was added to  the  membrane  suspension  to  obtain a final concen- 
tration of 1.25 M sucrose. This  membrane  homogenate (12 ml) was 
then overlaid  with step  gradients of 12 ml of 1.1 M sucrose and  10 ml 
o f  0.25 M sucrose containing 5 mM MgCl, and 1 mM PMSF and 
buffered with 25 mM Hepes, pH 7.3. The  samples were centrifuged a t  
28,000 rpm for 3  h in a Beckman SW 28 rotor.  Three  distinct  fractions 
were obtained  the “Golgi fraction”  (G) at  the  interphase of the 0.25 
and 1.1 M sucrose solutions; the “smooth E R  at  the  interphase of 
1.1 M and 1.25 M sucrose solutions; and the microsome pellet (M). 
The layer of white flocculent material which comprises the Golgi 
fraction was removed, diluted to a concentration of 0.25 M sucrose 
with 25 mM Hepes, pH 7.3, and pelleted via a  100,000 X g centrifu- 
gation  step  as above. 
Fractionation of Golgi Components-The Golgi pellet obtained  from 
the  centrifugation  step was extracted with 10 mM EGTA  (in homog- 
enization buffer) using a Dounce “B”  pestle  and homogenizer (25). 
After 30 min  on ice the  suspension was  centrifuged at  100,000 X g as 
previously described. The  supernatant which contains  the  majority 
of‘the  peripheral  proteins of the Golgi fraction was saved, while the 
(;olgi pellet was extracted with  150 mM Na,CO:, (pH 11.5) using  the 
Dounce “A” pestle  and homogenizer, kept  on ice for 30 min,  and  spun 
as above. The  luminal  proteins of the organelle  which were released 
hy this  step, now present  in  the  supernatant, were saved (10, 26, 27). 
The pellet  comprising membrane  sheets was then  extracted  with 1% 
sodium  deoxycholate in 10 mM Tris,  pH  7.4,l mM PMSF  to solubilize 
the majority of membrane proteins of the organelle, followed by 
another  extraction with 1% Triton  X-100 in 10 mM Tris,  pH 7.4, 1 
mM PMSF  to solubilize the  deoxycholate-resistant  membrane  pro- 
teins  (23).  The final pellet  remaining  after  all  the various extractions 
was solubilized by boiling in 1% SDS buffer plus  8-mercaptoethanol 
buffered  with 50 mM Tris,  pH 8.0. 
Lectin Affinity Purification-The  sodium carbonate-soluble lu- 
minal  proteins  and  the deoxycholate-soluble membrane  proteins were 
further  fractionated by lectin  affinity  chromatography.  The sodium 
carbonate  solution was neutralized  to  pH 8.0 with HC1 and 0.1 volume 
of‘a 1OX solution of lectin  buffer  (50 mM Tris,  pH 8.0, 2.5 mM MgCI,, 
1 mM CaCI,, 0.1% Triton X-100, 0.1% sodium deoxycholate, 1 mM 
I’MSF) added  to  the  former  as well as  to  the deoxycholate solution. 
WGA and ConA lectins  bound  to agarose were equilibrated  in  lectin 
buffer. The Na,CO:,- and deoxycholate-soluble proteins were then 
incubated for 1 h with 5 ml of WGA  lectin a t  room temperature with 
gentle agitation. The suspension was spun down a t  4000 rpm in a 
Heckman table-top centrifuge, the supernatant (unbound protein) 
transferred  to  another  tube  containing 5 ml of ConA, and  incubated 
for 1 h.  The ConA lectin-protein  suspension was then  spun down and 
the unbound  protein  (flow-through) removed. Both WGA and ConA 
lectins were washed three  times  with 4-5 volumes of lectin buffer and 
the bound protein then eluted with 20  ml  of 0.5 M N-acetyl-D- 
glucosamine (B-D-GICNAC) or 0.5 M a-D-methyl mannopyranoside 
(for WGA and ConA, respectively) in  lectin buffer for 1-2 h a t  room 
temperature with  gentle agitation.  The  eluted  protein  and  unbound 
protein  fractions were then  concentrated  and  desalted by ultrafiltra- 
tion  (Amicon). 
Protein Assay-Protein content was assayed using the BCA kit 
(Pierce Chemical  Co.) and  using bovine serum  albumin as  standards, 
as suggested by the  manufacturer. 
SDS-PAGE, Electrotransfer, and Microsequencing-Analytical and 
preparative SDS-polyacrylamide gel electrophoresis was performed 
according to Laemmli (28). Analytical gels were stained in 0.15% 
Coomassie Blue R-250 in 50% methanol, 10% acetic acid and de- 
stained in 40% methanol, 10% acetic acid. For microsequencing, 
proteins  separated on SDS-PAGE were electrotransferred  onto  PVDF 
membranes in 10 mM CAPS, pH 11, 10% methanol, a t  500 mA for 1 
h.  Membranes were stained  in 0.1% Coomassie Blue R-250 in 40% 
methanol, 10% acetic acid and destained with 40% methanol, 10% 
acetic acid.  Excised bands were microsequenced using  the  Pro- 
Sequencer 6600 from Millipore. Protein homology and  identification 
searches were carried  out  on  NBRF-Pir  and  Swiss-Prot  data bases. 
Gel Purification  and  Renaturation of Proteins-Proteins  fraction- 
ated by lectin  chromatography were resolved on  preparative gels and 
stained with 0.1% Coomassie Blue R-250 in water. Bands were 
excised, and proteins were then eluted using the Little Blue tank 
electroeluter  (Isco)  in %X SDS-PAGE reservoir  buffer at  10 mA for 
2 h. Eluted  proteins were precipitated with  5  volumes (v/v) of acetone 
at -20 “C  for  at  least 5 b.. The  denatured  proteins were renatured  as 
described by Hager  and  Burgess  (29) with some modifications.  Briefly, 
the  precipitated  proteins were solubilized in 40 pl of 6 M guanidinium 
hydrochloride in  dilution buffer  (50 mM Tris-HC1,  20% glycerol, 150 
mM NaCl, 1 mM dithiothreitol, 0.1 mM EDTA,  pH 8.0) and left a t  
room temperature for 30 min. Renaturation was begun by adding 50 
volumes (v/v) of dilution buffer and mixing.  After incubation at  room 
temperature for 16-24 h, the  protein  samples were concentrated  and 
salts removed by ultrafiltration  (Amicon).  Proteins  designated DC76 
(deoxycholate-soluble,  ConA binding)  and  NW97  (carbonate-soluble, 
WGA binding) were purified  using the above  described methods. 
Immunoblotting-Proteins separated by SDS-PAGE were electro- 
transferred  onto  Hybond  C+ nitrocellulose membranes. After  block- 
ing  in  Tris-buffered  saline (50 mM Tris,  pH 8, 150 mM NaC1) (TBS) 
containing 5% nonfat milk and 0.05% Tween 20 for 1 h,  membranes 
were incubated  with  the  primary  antibody  in blocking  buffer (1:200 
dilution) for 1 h. Membranes were washed extensively with TBS 
containing 0.05% Tween 20 (TBST)  and  then  incubated  in a 1:lOOO 
diluted solution of ’2sI-protein A in TBS for 1 h. After extensive 
washing with TBST the membranes were exposed to x-ray film. 
Densitometric scans of fluorographs were performed on an LKB 
scanning  densitometer. 
Antisera-Mouse polyclonal antisera against DC76 protein were 
prepared as follows. Approximately 5 pg of gel-purified antigen in 
250 pl of PBS was emulsified with 250 pl of complete Freund’s 
adjuvant  and injected intraperitoneally  into  BALB/c mice (6-8 weeks 
old)  This was followed by two booster injections, 3 weeks apart, of 
the  same  amount of antigen  in  incomplete Freund’s adjuvant.  The 
mice were tail-bled 7  days after  the  final  immunization.  Serum from 
this bleed was  used in immunofluorescence studies. 
Antisera  against  dipeptidyl  peptidase IV have  been  described in a 
previous report  (30). A peptide  corresponding  to  the COOH terminus 
of immunoglobulin  heavy chain-binding  protein  (BiP),  CPI- 
ISKLYGSGGPPPTGEEDTSEKDEL (31), was synthesized,  conju- 
gated  to keyhole limpet hemocyanin, and used to immunize rabbits. 
Esterase was purified in  our  laboratory by preparative gel electropho- 
resis from  carbonate-soluble Golgi fractions. Polyclonal antisera from 
rabbits  against  dipeptidyl  peptidase IV, BiP,  esterase,  sialyltransfer- 
ase,  and  galactosyltransferase,  as well as  the purified protein NW97, 
were prepared  as follows. Antigen, 100-150 pg in 500 pl of PBS, was 
emulsified with 500 pl of complete Freund’s adjuvant and injected 
intramuscularly  into New Zealand White  rabbits. Booster  injections 
containing an identical  amount of antigen emulsified  with  incomplete 
adjuvant were administered  thrice at  3-week intervals. The  rabbits 
were bled 10 days after the final immunization. Antisera obtained 
were  used in Western  blots  and  in immunofluorescence microscopy 
studies. 
Immunofluorescence Microscopy-Immunofluorescence micros- 
copy was carried  out  as described in a  previous publication (32) with 
certain modifications. For colocalization of galactosyltransferase  and 
DC76, A431 cells grown to 50% confluence on coverslips were used. 
Cells were washed twice with PBSCM  (PBS  containing 1 mM each 
of  MgC1, and CaC1,) and fixed in 2.7% paraformaldehyde  in  PBSCM 
for 30 min. Fixed  cells were washed twice with PBSCM, twice  with 
50 mM NH4C1 in  PBSCM,  and twice  more  with PBSCM. All washes 
were for 5 min each. After permeabilization with 0.1% saponin- 
PBSCM for 15 min, cells were incubated with antisera to both 
galactosyltransferase  and DC76 (1: lOO dilution) in fluorescence dilu- 
tion buffer (5%  fetal bovine serum,  5%  normal goat serum,  and 2% 
bovine serum  albumin  in  PBSCM, pH 7.6) for 1 h a t  room tempera- 
ture. Following six washes with 0.1% saponin-PBSCM, cells were 
incubated with both  FITC-goat-anti-mouse IgG and  rhodamine-goat- 
anti-rabbit IgG (10 pg/ml each  in fluorescence dilution  buffer). After 
washing six times with 0.1% saponin-PBSCM, the coverslips were 
mounted in 90% glycerol in PBS (pH 8.0) containing 1 mg/ml p -  
phenylenediamine. Slides were viewed using the Axiophot microscope 
(Carl Zeiss) equipped with  epifluorescence optics  and  photographed 
with  Kodak Tri-Y 400 film. 
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NRK cells  were used for colocalization of WGA binding  sites  with 
NWW. Cells grown to 50% confluence on coverslips were washed 
twice  with  PBSCM followed by incubation  with  unconjugated WGA 
( 2 5 0  pg/ml)  in  lectin  staining  buffer (50 mM Tris-HCI, 150 mM NaCI, 
I mM MgCl?, 1 mM CaC12, 1 mM MnCI, pH 7.6) to block  cell surface 
binding sites. After a single rinse with PBSCM, cells were fixed, 
washed,  and permeabilized as previously described. Cells  were then 
incubated with WGA labeled with rhodamine (5 pg/ml in lectin 
staining buffer) for 1 h a t  room temperature.  After six washes  with 
0.1% saponin-lectin buffer, the cells were fixed and washed as de- 
scribed.  Cells were then  incubated  with  rabbit  antisera  against  NW97 
(1:100 dilution  in fluorescence dilution  buffer) for 1 h a t  room 
temperature, washed with 0.1% saponin-PBSCM,  and  incubated  with 
FITC-goat-anti-rabbit IgG (10 pg/ml in fluorescence dilution  buffer) 
f’or 1 h a t  room temperature. After six washes the coverslips were 
mounted  and observed as described previously. 
RESULTS AND DISCUSSION 
Preparation of  Golgi Membranes-Membrane fractions  en- 
riched in Golgi apparatus were prepared by minor modifica- 
tions to established organelle purification methods (5, 7, 9, 
10). Yields of Golgi-enriched membranes were  typically 0.6-1 
mg/g of liver. Relative  specific activity of ovalbumin-galac- 
tosyltransferase assayed  (33) was normally 30-50 times  that 
of either  the  total liver homogenate  or  the 10,000 X g super- 
natant (which was found to be more reliable as a measure of 
purification  as  it was more  homogeneous). The level of Golgi 
enrichment  in  the  membrane  preparation was also  assayed by 
means of immunoblotting (Fig. 1). Protein extracts of the 
10,000 x g supernatant,  total  membrane  pellet, Golgi fraction, 
and microsomal membrane  fractions were resolved by SDS- 
PAGE, electroblotted, and incubated with antisera raised 
against  plasma  membrane  (dipeptidyl  peptidase IV), ER  (BiP 
and  esterase),  and Golgi (a2,6-~ialyltransferase) marker  pro- 
teins. The fluorographs were analyzed by densitometric  scan- 
ning.  Dipeptidyl peptidase IV was present  in 10-15-fold higher 
amounts  in  the Golgi preparation  as  compared  with  the  10K 
supernatant and only 4-5 times over the total membrane 
pellet (Fig. L4, compare lane 3 to lanes 1 and 2). Esterase  and 
BiP were found in higher amounts (3.5-fold) in the total 
membrane fraction than the Golgi fraction (2-fold) when 
compared with the 10K supernatant (Fig. 1, B and C ) .  Ester- 
ase was found to be enriched  in  the microsomal membrane 
fraction (“-fold  higher level than  the  10K  supernatant).  a2,6- 
Sialyltransferase was present a t  a greater  than 125-fold level 
over  the 10K supernatant  and 25 times  the  total  membrane 
fraction  (compare lane 3 to lanes 1 and 2 in Fig. lD,  where 
the  amount of protein in lanes 3 and 4 was only 10 pg as 
compared with  100 pg in lanes 1 and 2). Only minute  amounts 
of a2,6-sialyltransferase were detected in the microsomal 
pellet by immunoblotting. Although the Golgi preparation 
does show the presence of plasma  membrane  and  ER  contam- 
A B C 
inants,  it is nevertheless selectively enriched  in Golgi mem- 
branes  and is  a suitable  starting  material for purification of 
Golgi proteins. 
Subfractionation of Golgi-enriched Membranes-The Golgi- 
enriched membranes were further subfractionated on the 
basis of the solubilities of its  protein  components,  as depicted 
in Fig. 2. The majority of the  peripheral  proteins were stripped 
off by treatment  with buffered 10 mM EGTA. The  stripped 
vesicles  were treated  with  alkali (150 mM NanCOn, pH 11.5) 
which solubilizes the luminal proteins and any remaining 
peripheral  proteins (10, 26, 27). The majority of the  integral 
membrane  proteins were extracted with a buffered solution 
of the ionic detergent sodium deoxycholate (deoxycholate). 
Any residual  membrane  proteins were solubilized in 1% Tri- 
ton X-100. The remaining hardy pellet was solubilized by 
boiling in  SDS  sample buffer (with /I-mercaptoethanol). 
Typical yields of alkali  and deoxycholate-soluble proteins 
were 20-30% and 40-50%, respectively. Much less protein 
was found  in  the  Triton X-100-soluble fraction (1-5%). The 
luminal  and  membrane  proteins  extracted were further 
subfractionated by lectin affinity chromatography. The ex- 
tracts were first  passed  through a WGA-agarose column,  and 
the flow-through material  then passed through a ConA-aga- 
rose  column. The bound  proteins were eluted  with  N-acetyl- 
glucosamine or a-D-methyl mannopyranoside, respectively. 
WGA-affinity purification would be expected to yield proteins 
possessing P-D-G~CNAC  or sialic  acid as  their  terminal  carbo- 
hydrates. The ConA-agarose purification  step would be ex- 
pected to isolate the  majority of the  other glycoproteins that 
did not bind to the WGA-agarose column. The WGA and 
ConA lectin  chromatography  steps  should provide an  enriched 
fraction of glycoproteins typical of the  trans  and cis Golgi 
subcompartments (24, 34, 45),  respectively.  Considering that 
retrograde  transport between the cis Golgi and  ER  appears  to 
be a regular feature of intracellular  protein  transport  (46),  the 
carbohydrate side chains may not be sufficient to tell its 
localization.  However,  immunoperoxidase staining of the 
Golgi complex does show preferential cis Golgi staining for 
ConA and  trans Golgi staining for WGA (24). Therefore  the 
carbohydrate  structures may be a  useful means for fraction- 
ation of the Golgi apparatus  proteins. 
Comparisons of proteins  subfractionated by the above 
methods reveal that  proteins  in a given fraction  are  qualita- 
tively  unique. The profiles obtained from different  batches of 
Golgi preparations were always qualitatively similar. Fig. 3 
shows an SDS-gel of equivalent  amounts of protein from the 
different subfractions. Most of the lanes in Fig. 3 have at  
least  one  band which appears  enriched over its  counterparts. 
The carbonate (luminal constituents) fraction could be ex- 
D 
10K TM G 10K TM G 10K TM G M 10K TM G M 
. ~. .. . . .. . .. ._. 
1 2 3   1 2 3   1 2 3 4   1 2 3 4  
FIG. 1. Autoradiograph of immunoblot of membrane  fractions. Protein from various membrane fractions obtained during Golgi 
preparation was resolved by SDS-PAGE,  blotted,  and  incubated  with  antisera  as  described  under  “Experimental Procedures.” In panels A 
and H, 200 pg of protein was  loaded per lane. In panels C and D, the 10,000 X g supernatant  and  total  membrane  lanes  had 100 pg of protein 
whereas lanes containing Golgi membranes and microsomes had 10 pg of protein only. IOK, the 10,000 X g supernatant; TM,  the total 
membrane pellet; G, enriched Golgi membrane  fraction; M, microsomal pellet  obtained  after  sucrose  gradient  ultracentrifugation.  Antisera 
against  proteins used were: panel A,  dipeptidyl  peptidase IV; panel R, RIP; panel C, esterase;  and panel D, sialylytransferase. 
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FIG. 2. Flow diagram  summarizing  the  experimental  pro- 
tocol  employed to  obtain Golgi subfractions. See  “Experimental 
Procedures” for details. DOC, deoxycholate; TX-100, Triton X-100. 
pected  to be enriched  in  the  secretory  proteins, e.g. albumin 
and  transferrin  (see Fig. 3, lanes 3-6). Some of these  proteins 
were resolved by one-dimensional  SDS-PAGE,  blotted  onto 
PVDF  membranes,  and microsequenced. The  majority of the 
polypeptides which could be sequenced (i.e. not amino-ter- 
minally blocked) yielded relatively  unambiguous  amino acid 
sequence data and were thus homogeneous. NH2-terminal 
amino acid sequences of representative  proteins  are  presented 
in Table I, and their location in the SDS-gel in Fig. 3 is 
shown. A protein  from  the WGA-specific sodium  carbonate- 
soluble sample, designated LGA1, was found to have high 
identity with hemopexin, a liver-specific secretory protein 
(35). Proteins labeled LGAP and LGA3, isolated from the 
carbonate  extract of the Golgi fraction  which  bound to ConA, 
were identified  as  transferrin  (36)  and  carboxylesterase (37, 
38), respectively,  by amino acid sequence  comparisons (>80% 
amino acid identity). The  NH2-terminal  amino acid sequence 
of a 42-kDa  deoxycholate-soluble, WGA-binding  protein  (des- 
ignated  DW42) was found to be almost  identical to  the  NH2- 
terminal  sequence of rat  hepatic  lectin I (rat liver  asialogly- 
coprotein receptor I). The asialoglycoprotein receptor has 
been found to be present both at the cell surface  and  in a 
post-Golgi compartment (43, 44). LGAT3  is a Triton  X-100- 
soluble  protein  found to have  significant  identity  (>40%)  with 
rat  liver UDP-glucuronosyltransferase (39). A significant 
number of the  sequences  obtained  did  not  show  significant 
identity  or homology with  heretofore  detected  proteins  (when 
checked  against  protein  sequence  data  bases). 
Although protein sequencing did reveal the presence of 
proteins identified as either ER components or secretory 
proteins (hemopexin, transferrin, and esterase), this is not 
-97.4  kD 
, - 68 kD 
-43 kD 
. -29  kD 
. 
FIG. 3. SDS-PAGE of protein from Golgi subfractions. 
Equivalent  amounts of protein from Golgi subfractions were resolved 
on 10% SDS-PAGE and stained with Coomassie Blue K-250. Each 
lane contained 200 pg of total  protein  except lane 11, 50 p g .  Lane I ,  
total Golgi fraction; lane 2, EGTA extract; lane 3, total 150 mM 
sodium carbonate  (pH 11.5)-soluble proteins; lanes 4-6, WGA-bound, 
ConA-bound,  and  unbound  (flow-through)  proteins of carbonate  frac- 
tion  (respectively); lane 7, total sodium deoxycholate-soluble  proteins 
of Golgi membranes; lanes 8-10, WGA,  ConA, and  unbound  proteins 
of deoxycholate  fraction, respectively; lane 11, Triton  X-100-soluble 
proteins; lane 12, SDS-soluble  proteins. MW, molecular mass  mark- 
ers. 
unexpected  as  the  ER  is  the  major  component of the  mem- 
brane fraction of a cell and thus also a component of the 
Golgi-enriched membrane sample. These proteins are, fur- 
thermore,  produced  in large amounts  in  the liver.  Moreover, 
certain proteins identified as ER “resident” proteins could 
also be transported  to  the Golgi and  then  retrieved  to  the  ER 
from the cis side of the Golgi complex (46),  and  other  ER 
proteins, e.g. glucosidase 11, have been localized to  different 
organelles  in  other cell types (40). 
Immunolocalization-Antisera which were raised against 
several of the  purified  proteins were screened by immunoflu- 
orescence microscopy for  the  presence of Golgi-like staining 
patterns. A deoxycholate-soluble ConA-specific protein of 
apparent molecular weight 76,000 (DC76) (Fig. 4A) exhibited 
a juxtanuclear staining pattern, characteristic of the Golgi 
complex, in A431 cells (Fig. 4B).  This  pattern was also ob- 
served  in  NRK cells,  which  were not used further  as  not all 
cells showed staining  (not  shown).  This  pattern colocalized 
with that observed when cells were stained for galactosyl- 
transferase  (compare Fig. 4, B and C), which has  been local- 
ized to  the trans Golgi (14, 41). Another  protein,  NW97 (Fig. 
5A),  isolated  from  the  carbonate-soluble WGA binding  frac- 
tion, showed  a more diffuse and  punctuate  pattern in NRK 
cells. As seen  in Fig. 5, B and C, the  staining  pattern of NW97 
in  NRK cells is  similar  to  that observed for WGA,  which is 
characteristic of Golgi and  post-Golgi  compartments  such  as 
the trans Golgi network,  early  and  late  endosomes  (24).  The 
Golgi marker,  galactosyltransferase,  was  not used in colocal- 
ization  experiments  with  NW97  as  both  antisera were from 
the  same species (rabbit). 
The majority of the Golgi membrane  proteins  identified to 
date  have molecular  sizes between 30 and 70 kDa. Exceptions 
are the integral membrane proteins GIMP, (130 kDa) and 
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TABLE I 
Amino-terminal sequences of proteins  obtained  by microsequencing of PVDF-bound  proteins 
The location of the sequenced proteins in Fig. 3 is  shown under  the  heading  “Laneband.” “ X  in the  amino acid  sequences represents 
ambimous or undetermined residues. DOC. deoxvcholate. 
Protein ‘;;“A’ Fraction Lectin 
NW97 97,000 4A Carbonate WGA 
LGAl 69,000 4 0  Carbonate WGA 
LGA2 75,000 5A Carbonate ConA 
LGA3 60,000 5 0  Carbonate ConA 
DW85 85,000 8A DOC WGA 
DW.53 53,000 8 0  DOC WGA 
DW42 42,000 8. DOC WGA 
DC76 76,000 9A DOC ConA 
LGAT3 53,000 11A Triton 
LGAT5 33.000 110 Triton 
Sequence Identity 
SNLNLVYMVLVPWQVY  Unknown 
NPLPAAHETVA  Hemopexin 
VPDFTLLKWLAVSEKEN  Transferrin 
YPSSPXXVTTNTTVKGLVVLG  Carboxylesterase 
MPDYPEDXSQSDDLLVD 
ILVLVDAMLHS 
Unknown 
EDYQDFQLLN 
Unknown 
Rat  hepatic  lectin I 
Undetermined 
MPVLXXPMDFSIYHNQAH UDP-glucoronosyl- 
Unknown 
MPSHDLGSXAXVGSH 
transferase 
Unknown 
Cellular 
localization Ref. 
Golgi-like 
Secretory  pathway 35 
Secretory  pathway 36 
ER 37 
Undetermined 
Undetermined 
Surface  and  intra- 43, 44 
cellular 
Golgi 
ER 39 
Undetermined 
FIG. 4. SDS-PAGE of DC76 and 
immunolocalization of DC76 and 
galactosyltransferase  in A431 cells. 
l’nnelA shows 7.5% SDS-PAGE,  stained 
with Coomassie  Blue R-250, of gel-puri- 
fied DC76. Indirect immunofluorescence 
of A431 cells using antiserum against 
DC76 and  FITC-goat-anti-mouse IgG 
(panel R )  and  galactosyltransferase  and 
rhodamine-goat-anti-rabbit IgG (panel 
C )  is shown. 
FIG. 5. SDS-PAGE of NW97 and 
immunolocalization of NW97 and 
WGA in NRK cells. Panel A, 7.5% 
SDS-PAGE,  stained with  Coomassie 
Hlue R-250, of gel-purified NW97; panel 
H ,  indirect immunofluorescence of NRK 
cells using antiserum  against NW97 and 
FITC-goat-anti-rabbit IgG; panel  C, im- 
munofluorescence staining using  rhoda- 
mine-WGA. 
A B C 
MW DC76 
200 kD 
91.4 kD 
68 kD, 
43 kD, 
29 kD 
200 kD - 
97 kD - 
68 kD- 
43 kD- 
29 kD - 
A B C 
MW Nw97 
-1 1 
GIMP, (100 kDa), which have been  localized to  the cis/medial 
and trans Golgi/trans Golgi network, respectively (18), the 
160-kDa sialoglycoprotein (47), which has been localized to 
the medial Golgi, the 124-kDa a-mannosidase I1 (14),  and p- 
COP,  the  110-kDa  peripheral Golgi membrane  protein (16). 
Only  GIMP,  appears  to be similar  in molecular  size to NW97, 
whereas no protein of similar size to DC76 has yet been 
identified. 
In  conclusion, we have described a protocol which enriches 
for  proteins  from  the  various soluble and  membranous  com- 
partments of a Golgi apparatus-enriched  membrane  prepara- 
tion.  We  have  also  shown  that  this  protocol  may  be  used  to 
isolate  proteins  from  the  subcompartments of the Golgi com- 
plex and have also identified two proteins which colocalize 
with Golgi and/or post-Golgi markers. These proteins are 
being  studied  in  greater  detail.  This  approach  is  also being 
used for  other soluble and  integral  membrane  proteins.  This 
strategy  may  provide  the  means by  which the Golgi complex 
and  its  components  may be studied  systematically  in  greater 
detail. 
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